I investigate differences in the effects of worker characteristics on wages in Panama at different points of the conditional wage distribution using quantile regression. Public sector employment increases wages of men and of women relatively more at lower quantiles. Public sector employment increases wages of the median worker in that sector and reduces wage inequality within the sector. The existence of a labor union at a worker's workplace increases relatively more wages of men at lower quantiles. This result is consistent with unions contributing to the enforcement of minimum wage laws. Labor union membership and the existence of collective bargaining at a worker's place of work have the biggest impact on men's wages at middle quantiles of the wage distribution. On the whole, labor unions are institutions that reduce male wage inequality within the union sector in Panama and increase average wages of union members. Unions do not increase women's wages but reduce wage inequality within the union sector. Employment in the Canal Zone, where U.S. labor laws are in effect, increases wages uniformly across the wage distribution except at the highest quantiles. Working for a large firm increases wages relatively more at lower quantiles of the wage distribution. Rates of return to higher education are larger for men at higher quantiles, a result consistent with the complementarity of higher education and unobserved ability. A similar result occurs for the effect of experience for men across quantiles. Experience and higher education increase men's wage inequality. A u-shaped pattern of rates of return across quantiles for secondary education for men is found. There are no differences in the rates of return to primary education across quantiles for men. There are also no differences across quantiles in the rates of return to each level of schooling and experience for women.
Abstract
I investigate differences in the effects of worker characteristics on wages in Panama at different points of the conditional wage distribution using quantile regression. Public sector employment increases wages of men and of women relatively more at lower quantiles. Public sector employment increases wages of the median worker in that sector and reduces wage inequality within the sector. The existence of a labor union at a worker's workplace increases relatively more wages of men at lower quantiles. This result is consistent with unions contributing to the enforcement of minimum wage laws. Labor union membership and the existence of collective bargaining at a worker's place of work have the biggest impact on men's wages at middle quantiles of the wage distribution. On the whole, labor unions are institutions that reduce male wage inequality within the union sector in Panama and increase average wages of union members. Unions do not increase women's wages but reduce wage inequality within the union sector. Employment in the Canal Zone, where U.S. labor laws are in effect, increases wages uniformly across the wage distribution except at the highest quantiles. Working for a large firm increases wages relatively more at lower quantiles of the wage distribution. Rates of return to higher education are larger for men at higher quantiles, a result consistent with the complementarity of higher education and unobserved ability. A similar result occurs for the effect of experience for men across quantiles. Experience and higher education increase men's wage inequality. A u-shaped pattern of rates of return across quantiles for secondary education for men is found. There are no differences in the rates of return to primary education across quantiles for men. There are also no differences across quantiles in the rates of return to each level of schooling and experience for women.
Introduction.
Income and consumption inequality in Panama are among the highest in the world 1 (World Bank, 1999) . Wage inequality plays important roles in income and consumption inequality. Labor unions, public sector employment and large firms are relatively prominent features of Panama's labor market. What is the effect of these labor market institutions on wages and wage inequality? Do unions, the public sector and firm size affect wages uniformly or are their effects different for different workers who have given observed characteristics but whose wages differ?
Such questions are explored using quantile regression, a statistical technique that permits the effect of a regressor to differ at different points of the conditional wage distribution. Quantile regression also makes it possible to investigate whether productive characteristics of workers such as education and experience have effects that differ across the conditional wage distribution. These effects may tend to increase or to decrease wage inequality.
The main results are that presence of a labor union at a worker's workplace, public sector employment and working for a large employer all tend to increase wages of men but also decrease the dispersion of wages within the respective sectors. In particular the presence of a union, public sector employment and working for a large employer increase relatively more wages of the lower paid workers of given observable characteristics in these sectors. The results for women are similar for public sector and large firm employment. Unions do not increase women's wages but reduce women's wage inequality within the union sector. For men the effects of higher education and experience are higher at higher quantiles. These results imply that ability is complementary with higher education and on-the-job training. Secondary education has a u-shaped effect on men's wages as one moves up the conditional wage distribution. At lower quantiles secondary education and ability are substitutes. Higher education and experience tend to increase wage inequality while secondary education has an ambiguous effect. Primary education for men and all levels of education and experience for women have uniform effects across the wage distribution.
Methodology.
Consider a regression y i = β'x i + ε i where y i is the natural logarithm of the hourly wage rate and x i is a vector of regressors describing worker and job characteristics for worker i. Quantile regression (Koenker and Bassett, 1978; Buchinsky, 1998) involves
where q is a specified quantile and 1(y i ≤ β'x i ) = 1 if the inequality holds and zero otherwise. In other words, quantile regression involves the minimization of the weighted absolute values of the residuals and uses all of the available data. An equivalent formulation is y i = β q 'x i + u qi with Quant q (y i │x i ) = β q 'x i and E[u q ] = 0.
Quantile regression is less restrictive than mean regression (OLS) in that it permits the parameters β q to differ at various points of the conditional distribution of the dependent variable y thus permitting a more complete characterization of the regression relationship.
Quantile regression is less sensitive than mean regression to the presence of outliers in the dependent variable, a common occurrence in developing country data. This is the case because in quantile regression the residuals to be minimized are not squared, as in OLS, therefore outliers receive less emphasis. If the error term of the regression is not distributed normally, quantile regression may be more efficient than mean regression (Buchinsky, 1998) .
The quantiles at which a regression relation is fit are specified by the researcher. In this paper the quantiles are 0. 05, 0.1, 0.25, 0.5, 0.75, 0.90, 0.95 . The equality of the estimated coefficients of a given regressor across quantiles can be tested with Wald tests.
Data and Variables.
Source of the data is the 1997 Panama Living Standards Survey (PLSS), a household survey whose design and collection involved the collaboration of the Panamanian government, the World Bank and the United Nations Development Program. The edited sample consists of 4359 men and 2203 women. These individuals were between the ages of 15 and 64, were employed in the past week, an hourly wage rate could be calculated for them, and had no missing values for any of the regressors. The sample includes employees and the self employed. Self employment is an important force in the Panamanian labor market: 31 percent of the men and 23 percent of the women in the edited sample were self employed. Labor market institutions such as labor unions may boost wages in the unionized sector and depress wages of employees in the nonunionized sector as well as those of the self employed by increasing the labor supply in the non-unionized and self employment sectors of the labor market. To obtain an estimate of the effect of unions on wages we should include not only employees but also the self employed in the sample. Similar arguments apply to public sector employment and other labor market institutions that boost wages in one sector of the labor market but may depress wages in other sectors. The hourly wage rate for employees is calculated as follows: monthly earnings consisting of the sum of salary in main job, 13 th monthly salary (an annual benefit available in some formal sector jobs), bonus, the monthly values of employer-provided housing, meals, clothing and transportation were divided by hours of work in a month.
For the self employed, the time unit of earnings is reported (daily, weekly, etc.) One of the activities of labor unions in Panama is to inform authorities if a place of employment in which they have a presence is not complying with minimum wage laws (World Bank, 1999) . Thus the presence of a labor union at a workplace is likely to affect wages of non-members as well as of members in whose cases the employer would otherwise not comply with the minimum wage law. Unions may also have a threat effect (Pencavel, 1997) whereby the employer might pay non-union members higher wages to avoid their joining the union which may impose additional restrictions on their employment conditions. The threat effect may operate both in establishments where a union has a presence but not all workers are members and in others where the union does not yet have a presence but may be able to establish one in the future. Unions may also have the more conventional effect of raising their members' wages through their presence or through collective bargaining. There is evidence from several high income economies (Kahn, 1998) and from another highly unequal developing economy, South Africa, (Schultz and Mwabu, 1998 ) that unions raise average wages of unionized workers but primarily boost wages at lower quantiles. This paper investigates if similar results hold for Panama while providing additional detail on how union activities that may affect wages using the three variables that describe unionization. As reported in Table 1, 20 percent of the sample worked at a place of work where there was a union, union membership rates and rates of collective bargaining were about half of that rate.
Public sector employment raises workers' wages in many countries. Some previous studies have documented that public sector employment increases wages relatively more at lower quantiles. These studies include Mueller (1998) who used data from Canada and Nielsen and Rosholm (2001) who used data from Zambia. The effects of public sector employment across the wage distribution are investigated with the Panamanian data. In the Panama there are two types of public sector employment: in the public sector or in the Canal Zone. In the Panama Canal Zone U.S. labor laws were in effect in 1997. These included applicability of U.S. minimum wages that were significantly higher than average wages in the rest of Panama's labor market (World Bank, 1999) . Public sector employment is controlled for in this paper by means of two binary variables for Canal
Zone and public sector (other than Canal Zone and henceforth called "public sector").
The rates of public sector employment were 14 percent for men and 27 percent for women. Very few people in the sample worked in the Canal Zone but they received a very high wage premium.
There is evidence that workers who work for large employers get paid more than similar workers who work for smaller firms. This size-wage effect has been documented for both high income economies (e.g. Brown and Medoff, 1989) and some developing economies such as Peru (Schaffner, 1998 ). Schaffner's study primarily discusses estimates of mean regressions but also presents some quantile regression estimates. In her study the quantile regressions reveal that the size-wage effect is larger at the lowest than at the highest quantiles and is of roughly equal size in the middle quantiles of the conditional wage distribution in Peru. The size-wage effect in this paper is measured by a binary variable that takes the value one if an individual's place of work employs more than 100 persons.
Additional variables included in the regressions are (potential) experience and its square and eight binary variables for industry of employment. The reference category is manufacturing. The industry variables are included as controls for systematic differences in working conditions. The models whose estimates are reported in the next section include variables that are generally comparable to those in the previous studies cited above. The focus of this paper is on how coefficients may differ across quantiles.
Estimates. Table 3 4 . Table 3 does not report the industry coefficient estimates in order to save space. The industry variables are included as controls for the sake of comparability with other previous studies. Their coefficient estimates are not of primary interest. Table 4 reports F-tests (derived from Wald tests) of the equality of coefficients of specified regressors across quantiles. Standard errors of the quantile regressions are estimated by bootstrapping with 600 replications. I will first discuss the quantile regression estimates.
Public sector employment for men brings about a wage premium of almost 22 percent at the fifth quantile, the premium declines at higher quantiles to 11 percent at the median, to zero at the 75 th quantile and becomes a wage penalty of 28-29 percent at the 95 and 90 th quantiles, respectively. In other words, public sector employment boosts wages of relatively less productive workers and penalizes the most productive men. Public sector pay scales provide a financial disincentive for the most productive men to continue working in that sector. The median public sector male worker receives a premium relative to an otherwise similar private sector worker but public sector employment tends to reduce the variation of wage rates of men within the public sector. The mean wage regression for men reveals no statistically significant effect of public sector employment 5 .
Quantile regression is more robust and less restrictive than mean regression and reveals a moderate public sector premium at the median as well as a range of public sector effects at other quantiles. According to the test statistic in Table 4 , the public sector coefficients for men are significantly different across quantiles.
Public sector employment boosts women's wages by 52 percent at the fifth quantile, the premium declines at higher quantiles to become 16 percent at the median and is zero by statistical criteria at the 75 th quantile and above. As is the case for men, the median woman who works for the public sector receives a higher wage than a woman with the same observed characteristics who works for the private sector. Public sector employment, however, reduces the wage dispersion of women within the public sector.
The most productive women who work in the public sector do not suffer a wage penalty as their male counterparts do. According to the mean regression estimates for women, public sector employment confers a premium of almost 18 percent, not greatly different from the 16 percent premium at the median.
Mueller (1998) applied quantile regression to study public-private wage differences in Canada. For both men and women he documents relatively higher public sector wage premiums at lower quantiles. He finds that male provincial workers suffer a wage penalty at higher quantiles. Other public sector workers earn small or zero premiums at the higher quantiles. The size of the public sector effects estimated by Mueller is generally smaller than the estimates obtained with the Panamanian data that are reported in Table 3 .
Nielsen and Rosholm (2001) studied public-private sector wage differences in the 1990s in Zambia. According to the version of their statistical model that is most comparable to the one in this paper, the highest public sector premium is found in the lower quantiles of the conditional wage distribution in Zambia and it declines as one moves to higher quantiles but always remains positive 6 . Their estimates of the public sector premium in Zambia are broadly in the same range as the estimates for the lower quantiles for Panama.
Employment in the Canal Zone significantly increases wages of men and of women except at the top quantiles. There are no significant differences in the effects of Canal
Zone employment on wages across quantiles for men and across all but the top two quantiles for women.
The presence of a union at an individual's workplace significantly increases wages of men at the lowest quantiles. The union presence wage premium ranges from 39 percent at the fifth quantile to 7.4 percent at the median and is not significantly different from zero at quantiles higher than the median 7 . The differences of the union coefficients for men are significantly different for men across quantiles. These union premiums are of the same order of magnitude as the ones documented for union membership at lower quantiles for black South Africans by Schultz and Mwabu (1998) and are higher than the premiums for union membership estimated for several high income economies by Kahn (1998) . As noted in the previous section, the presence of a union is likely to bring about more vigorous enforcement of minimum wage laws than would otherwise take place.
Minimum wage laws are most likely to have effects on wages of workers who are at or below the median of the conditional wage distribution.
Union membership and collective bargaining have significant but moderate effects on wages of men at the 25 th to 75 th quantiles of the conditional wage distribution. Taking all the union effects into account, unions raise average wages of men in the sector of the economy where unions have a presence and reduce wage dispersion within that sector.
The presence of a union significantly reduces wages of women at the 95 th quantile. Thus unionization does not increase wages of women but it reduces wage inequality.
According to the estimates in Table 4 . The size-wage effect for women is smaller than for men and is highest at low quantiles, declines at higher quantiles becoming zero above the median.
A number of possible explanations of the size-wage effect have been suggested.
Larger firms may be more likely to be the targets of enforcement of minimum wage laws.
Larger size-wage effects at lower quantiles would appear to support such an explanation.
However, the presence of a union is likely to control for minimum wage enforcement effects already. In addition, it is unlikely that mininum wage enforcement plays an important role on wages at the 75 th quantile where a significant size-wage effect is estimated. Another explanation is in terms of increased efforts by large firms to reduce worker turnover that may be relatively more disruptive to their operations than is the case in smaller firms. These efforts may take the form of investing resources to boost the productivity of relatively low-productivity workers so it is less likely that a costly separation and replacement of such workers will occur. Panama has employment security laws that are more likely to be enforced in large firms. Large firms may invest resources to boost the productivity of relatively low-productivity workers in order to avoid having to dismiss them and pay the financial penalties provided for by the employment security laws.
The coefficients for years of primary schooling are not significantly different across quantiles for men or for women. Primary education provides basic skills that boost wages uniformly across all segments of the conditional wage distribution. The effects of years of secondary education exhibit a "u-shaped" pattern for men with smaller effects in middle than in low or high quantiles. Mwabu and Schultz (1996) interpret differences in wages of observationally identical individuals as arising from differences in ability. In that case the results on the effects of secondary education imply that secondary schooling and ability are substitutes at the lowest quantiles and complements at the highest quantiles. The effects of higher education become larger for men at higher quantiles.
These results imply that ability and higher education are complements: more able men receive higher benefits at the margin from higher education. Higher education tends to increase wage inequality while secondary education has an ambiguous effect. Mwabu and Schultz (1996) document a "u-shaped" pattern of returns to secondary education for black South Africans and increasing returns to higher education for white South Africans.
Evidence of higher returns to education at higher quantiles of the conditional wage distribution is presented for the U.S. for the 1980s and 1990s by Buchinsky (1998) and for several European countries by Martins and Pereira (2004) .
There is some evidence that the effect of experience increases with wage quantile for men. This result is consistent with ability (or productivity) and amount of on-the-job training being positively correlated. Experience tends to increase Panamanian wage inequality. Buchinsky (1994) presents evidence of a similar pattern of returns to experience for U.S. men. According to the estimates, the coefficients of all three levels of schooling and of experience, do not differ significantly across quantiles for women.
Conclusion.
The estimates reveal evidence that the commonly applied mean regression model conceals a more complex pattern of returns to labor market institutions and worker characteristics. Quantile regression makes it possible to explore how public sector employment, unions, firm size, worker education and experience affect wages at different points of the conditional wage distribution in Panama.
For men as well as for women, public sector employment and employment by a large firm increase wages most at the lower quantiles of the wage distribution. Men at the highest quantiles who work for the public sector suffer a substantial wage penalty.
Presence of a union at the workplace primarily increases wages of men at the lower quantiles. Union membership and collective bargaining mainly affect wages of men in the middle quantiles. On the whole, unions boost wages of the median male worker in the union sector and reduce wage inequality within that sector. The same is true for 13 public sector employment and employment by a large firm. Employment in the Canal Zone increases wages of men and women uniformly except at the top quantiles. Higher education and experience for men have higher effects at higher quantiles implying that higher education and ability and on-the-job training and ability are complements. The returns to secondary education for men have a u-shaped pattern across quantiles. The effects of education and experience on wages do not differ across quantiles for women.
Union presence does not increase women's wages but it reduces wage inequality. Variable Definitions: education: highest year completed wage: hourly wage union: there is a union at worker's place of work u. member: union member coll. bargain: there is collective bargaining experience: age-years of schooling-6 public: public sector employee canal: employee of the Canal Commission large: more than 100 persons including respondent are employed at place of work ind1: agriculture, fishing, forestry ind2: mining ind3: construction ind4: hotels-restaurants, commerce ind5: transportation, communication, finance, real estate ind6: information, administration, security ind7: education, health ind8: other services, domestic services. The reference category is manufacturing. ----------------------------------------------------------------------------- 
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